Abstract: Certain features of imported second-hand cars (e.g., age, degree of wear and tear, technical design) can increase their likelihood for traffic crashes. Three official datasets which cover an eight year period (2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) are used to test the connection between importation of second-hand cars and different types of traffic crashes. The traffic crashes database was provided by the Traffic Department of the General Inspectorate of Romanian Police (GIRPTD). The car registration database was provided by Driving-License and Vehicles-Registration Direction (DLVRD). Right-hand driving (RHD) cars database was provided by the Romanian Automotive Registry (RAR). A spatio-temporal visualization of data was performed using Geographic Information System (GIS) while for the statistical analysis we use regression models and Pearson-Correlation-coefficient. The analysis suggests that a significant part of the variation in the volume of traffic accidents can be explained by the volume of imported second-hand cars at the county level. Moreover, an even stronger direct relation exists between the number of imported second-hand cars and Severe Traffic Accidents but also in the case of RHD imported second-hand cars. The overall impact of imported second-hand cars on the traffic safety in Romania is significant but small in comparison to other types of car registration. Study results belong to the category of empirical evidence production which can improve the quality of existing traffic regulations focused both on organizing and ensuring traffic safety, and on the policy of sustainable transport infrastructure development.
Introduction
The mobility regime in Romania has suffered important changes in the aftermath of the communist regime collapse, moving towards increasing spatial mobility and decreasing level of traffic safety [1] . A number of well researched factors have contributed to this situation-e.g., the growth of the motorization's rate or the transport infrastructure's slow modernization [2] -but also, as we argue in this article, an ongoing and less researched phenomenon, the importation of second-hand vehicles.
The existing research provides detailed accounts of why imported second-hand cars are comparatively predisposed to road crashes. A first possible explanation is that price is a central element with similar research questions it was argued that at least a 3 year period of crash records is needed to obtain reliable results [21] [22] [23] . Additionally, to increase the accuracy of this study, the authors have used only vehicle-to-vehicle crashes in order to avoid confounding effects associated with the other types of crashes [24] .
Registered Vehicles Database
This database was provided by the Driving License and Vehicles Registration Direction (DLVRD) and it includes the registered vehicles in Romania in the period [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . There are three types of registered vehicles which are included in this database: domestic second-hand vehicles (cars previously sold as new or used on the Romanian market which have been re-registered); new vehicles (cars that were manufactured outside or in Romania and were sold and registered for the first time in Romania); and imported second-hand vehicles (cars that have been firstly registered outside Romania and then have been imported as used items and registered in Romania). The vehicles included in this database refers only to the M1 and N1 vehicle categories [25] .
RHD Vehicles Database
The database with the registered vehicles provided by DLVRD does not provide information on the type of driving side for the imported cars but only if the registered vehicle is new or second-hand and on the source of the second-hand cars (imported or domestic). The Romanian Automotive Register (RAR) has provided a database which contains the number of RHD vehicles registered in Romania in the period 2008-2015 out of which we selected only the M1 and N1 types of vehicles.
Methods

Statistical Approach
In order to establish the dependence relation between traffic crashes and importation of second-hand cars, the authors have used a simple linear regression method and the Pearson correlation coefficient. The first step in calculating the regression is the distribution of the two analyzed variables in a XOY coordinate system which gives it the following form (1):
where X is the cause (in our case importation of second-hand cars) and Y the effect (traffic crashes). The simple linear regression is one of the most frequently used methods in establishing the correlation between traffic crashes and various possible causing variables, such as: the volume of traffic flow [2] ; light conditions [21] ; season of the year [20] ; spatiotemporal parameters [26] . As a way to establish the intensity of the linear dependence between the two analyzed variables (in our case traffic crashes and importation of second-hand cars), Pearson correlation analysis was used [27, 28] (2):
where, r is Pearson correlation coefficient,
Y represent the average of x and y, S x and S y represent the standard deviation of x and y calculated by the Formulas (3) and (4) [29] :
Pearson correlation is also a common method used in analysis of traffic crashes [2, 20, 26] .
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GIS Approach
During the past few years, GIS has been often used for understanding, analyzing and preventing the traffic crash phenomenon [21, 22, [30] [31] [32] [33] . In this research the authors used GIS for the spatial and temporal representation of vehicle-to-vehicle crashes [34] and for the spatial and temporal distribution of second-hand car importation in Romania for an 8-year period. Thus, the two phenomena were reported to 1000 inhabitants and depicted in a series of maps realized at NUTS-3 level. This was developed by using ArcMap software provided by the ArcGIS 10.1 platform [1, 2] . A tool for classification and clustering of quantitative data was used and the authors decided to use the "natural breaks" data classification method. According to the ArcGIS platform "tural breaks classes are based on natural groupings inherent in the data and class breaks are identified that best group similar values and that maximize the differences between classes. The features are divided into classes whose boundaries are set where there are relatively big differences in the data values" [35] .
In addition to the statistical and GIS based approaches described above, we have used and re-interpreted in the context of our paper some results from the existing, mostly qualitative research on imported second-hand cars in order to fill the informational gap existing between the interpretational limits imposed by quantitative data and the need to explains facts which need extensive qualitative field research.
Results and Discussion
Importation of Vehicles in Romania 2008-2015
Between 2008 and 2015, 853,249 new cars were registered in Romania, 1,690,358 second-hand cars were imported into the country and registered, and 2,487,190 were domestic second-hand cars that were re-registered ( Figure 1 ). The data show clearly that imported used cars were the main input into the national fleet during the analyzed period with almost twice the amount of second-hand cars than new ones registered in the eight year period. There is a longstanding debate of what determines importation of second-hand cars rather than buying new ones or from the domestic second-hand market. The most common invoked reasons are the followings: the brand of the cars and the social images/status it implies; the selling price in the destination country; higher gains for importers; oversupply in the origin countries; liberalization of car markets; decline in demand for new cars; exiting trade routes that facilitate their importation [3, 6, [36] [37] [38] [39] [40] [41] . In the current case, the evidence suggests a combination of factors that occurred in the last two decades in Romania and which will be further detailed below: international migration and liberalization of car market. However, the situation with the registration of cars evolved in the examined period differently for the three groups of cars included in the analysis.
The number of brand new cars coming from domestic or external manufactories and registered for the first time in Romania decreased from more than 280,000 in 2008 to 57,000 in 2013, with a small increase in 2014 and up to about 81,000 in 2015. The situation with the second-hand vehicles imported from abroad and registered for the first time in Romania is slightly different: the maximum was reached in 2008 with around 300,000 imported second-hand automobiles, then the number decreased to 94,000 in 2011, and a strong recovery happened again up to around 250,000 in 2015. The strong decrease of imported second-hand cars in the period 2010-2011 is related to a number of legislative changes which affected the costs of registration for second-hand imported cars while the drop with new cars registration is explained by the economic crisis [40, 42, 43] . The number of brand new cars coming from domestic or external manufactories and registered for the first time in Romania decreased from more than 280,000 in 2008 to 57,000 in 2013, with a small increase in 2014 and up to about 81,000 in 2015. The situation with the second-hand vehicles imported from abroad and registered for the first time in Romania is slightly different: the maximum was reached in 2008 with around 300,000 imported second-hand automobiles, then the number decreased to 94,000 in 2011, and a strong recovery happened again up to around 250,000 in 2015. The strong decrease of imported second-hand cars in the period 2010-2011 is related to a number of legislative changes which affected the costs of registration for second-hand imported cars while the drop with new cars registration is explained by the economic crisis [40, 42, 43] .
In addition to the yearly evolution explained above, there is a strong variation in the number of registered cars among the counties in Romania. For instance, all 16 counties in Transylvania (Transylvania is a historical-geographical region extending over the North-Western, Western, and Central part of Romania) import more second-hand cars/1000 inhabitants compared to any other region within the country (Figure 2A) . A possible explanation can be linked to the specificity of the international migration flows in this region, strongly oriented to countries such as Germany, Austria, France, and Benelux [44, 45] from where most second-hand vehicles are imported as well (Other hypotheses often mentioned in the literature were taken into account (such as geographical distance from the Westerm border, level of economic development, mobility levels, type of the industries, urbanization level, population age structure, etc.) but none of them could be confirmed based on the evidences available within this study). We assume that the social networks established in the last three decades through the international migration are playing an important role in the uneven spatial distribution of imported second-hand cars as revealed in Figure 2A . This finding is in line with previous research that finds a link between the migration flows and importation of second-hand cars at the country level [41, [46] [47] [48] . However, more research is needed to explore within country differentiation. The examination of Figure 2A reveals other interesting feature of the distribution of imported cars in relation to distance: counties situated relatively closer to the Western borders and to the main second-car markets of Western Europe have higher numbers of imported second-hand cars than counties situated in the eastern and southern parts of Romania.
The situation is different in the case of the new cars which tend to be registered more in the Bucharest-Ilfov region and in the economically developed counties, such as Cluj (CJ), Timiș (TM), Constanta (CT), Brașov (BV), Sibiu (SB), Prahova (PH), Argeș (AG) ( Figure 2B , see Figure 3B as well). The case of domestic second-hand cars is without a clear spatial distribution pattern, with more registrations in Bucharest (B) and Ilfov (IF) county followed by a number of economically developed counties-Cluj (CJ), Timiș (TM), Brașov (BV), Argeș (AG) but also in some of their neighboring counties ( Figure 2C ). In addition to the yearly evolution explained above, there is a strong variation in the number of registered cars among the counties in Romania. For instance, all 16 counties in Transylvania (Transylvania is a historical-geographical region extending over the North-Western, Western, and Central part of Romania) import more second-hand cars/1000 inhabitants compared to any other region within the country (Figure 2A) . A possible explanation can be linked to the specificity of the international migration flows in this region, strongly oriented to countries such as Germany, Austria, France, and Benelux [44, 45] from where most second-hand vehicles are imported as well (Other hypotheses often mentioned in the literature were taken into account (such as geographical distance from the Westerm border, level of economic development, mobility levels, type of the industries, urbanization level, population age structure, etc.) but none of them could be confirmed based on the evidences available within this study). We assume that the social networks established in the last three decades through the international migration are playing an important role in the uneven spatial distribution of imported second-hand cars as revealed in Figure 2A . This finding is in line with previous research that finds a link between the migration flows and importation of second-hand cars at the country level [41, [46] [47] [48] . However, more research is needed to explore within country differentiation. The examination of Figure 2A reveals other interesting feature of the distribution of imported cars in relation to distance: counties situated relatively closer to the Western borders and to the main second-car markets of Western Europe have higher numbers of imported second-hand cars than counties situated in the eastern and southern parts of Romania.
The situation is different in the case of the new cars which tend to be registered more in the Bucharest-Ilfov region and in the economically developed counties, such as Cluj (CJ), Timis , (TM), Constanta (CT), Bras , ov (BV), Sibiu (SB), Prahova (PH), Arges , (AG) ( Figure 2B , see Figure 3B as well). The case of domestic second-hand cars is without a clear spatial distribution pattern, with more registrations in Bucharest (B) and Ilfov (IF) county followed by a number of economically developed counties-Cluj (CJ), Timis , (TM), Bras , ov (BV), Arges , (AG) but also in some of their neighboring counties ( Figure 2C ). Figure 2D presents the spatial distribution of the total number of cars in Romania, with a clear spatial differentiation between the western and eastern part of the country, reflecting cultural and economic differences, with the notable exception of the capital region Bucharest (B), and of two counties: Constant , a (CT) and Galat , i (GL). Indeed, the significant regional differences could be explained by cultural differences as well, in addition to the economic, distance and migration-related factors, which need further exploration and research. On the basis of existing data and data visualization, we can observe regional patterns in the preferences for imported second-hand cars and domestic second-hand cars, as suggested in Figure 2A , and Figure 2C : in 16 counties the imported second-hand cars are the main source of car acquisition, among them the capital Bucharest (71%), 10 Transylvanian counties with easier access to the Western European market and strong migration background, Constant , a (CT) and Galat , i (GL) counties favored as well by geographical locations (access at harbors), while for Suceava (SV) and Botos , ani (BT) counties we cannot find reasonable explanations.
However, in the last two cases, as suggested, the income inequalities between counties are one of the key factors explaining the significant spatial differences in the distribution of new cars and domestic second-hand cars. Figure 3 brings some facts in support of this argument: for new cars and domestic second-hand cars, there is a significant and strong correlation with the income measured by GDP per capita, while in the case of imported second-hand cars the correlation is weak and has a low level of probability, which means that non-economic factors like those described above could explain the spatial differentiation of this category of cars.
Car Crashes in Romania 2008-2015
Romania records a dramatic number of traffic crashes, being placed among the countries with the highest rate of road fatalities across the European Union [49] . According to the database offered by GIRPRD, no less than 205,127 cars were involved in 133,351 vehicle-to-vehicle crashes over the last eight years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , resulting in 202,396 casualties of which 146,109 slightly injured, 39,599 seriously injured, and 11,072 deaths (Table 1) . Considering previous research on traffic crashes and prior research on the impact of technical and design characteristics of vehicles on the severity of car crashes [7, 11, 17, 50] , in this research we categorized the crashes in three types: minor traffic crashes, severe traffic crashes, and fatal traffic crashes. The first category contains only crashes with slight injures for the passenger and/or small damages for the vehicle, the second one includes crashes with serious injures among the passengers and/or significant damages for the vehicle, and the last one includes crashes with deaths. Due to the development of traffic safety policies implemented at EU and national level, but also due to the development of emergency medicine, during recent years the rate of road fatalities at the EU level but also in Romania is decreasing [1, 2, 49] . However, after seven years of constant decreasing, during 2015 Romania had a slight increase of this indicator moving from the second to the first at the EU level in terms of the number of deaths per 1 million inhabitants [49] . This situation corresponds with the increase of the number of registered cars in all three categories (Figure 1 
)-new cars, imported
Sustainability 2017, 9, 2380 8 of 14 second-hand cars (ISHC) and domestic second-hand cars (DSHC)-which led to an increased traffic and spatial mobility, and, as a consequence, to increased road fatalities.
The number and severity level of the car accidents is unevenly distributed among the Romanian counties. For instance, the number of total traffic accidents ( Figure 4A ) is higher in the capital region Bucharest (B) and Ilfov (IF) and in three other counties-Constant , a (CT), Hunedoara (HD) and Mehedint , i (MH). At the same time, the minor traffic accidents are above average in Bucharest (B), Ilfov (IF) and Constant , a (CT) (Figure 4B ), all counties being highly urbanized agglomerations, where minor crashes are more representative than other in jury categories. Severe traffic and fatal accidents ( Figure 4C,D) tend to be randomly distributed over space. On the basis of existing data and information, we assume that the random distribution in the last two cases might be explained by the action of local specific factors, like driving behavior, which cannot be addressed based on the data available in this research and needs further research.
Sustainability 2017, 9, 2380 8 of 14 the first at the EU level in terms of the number of deaths per 1 million inhabitants [49] . This situation corresponds with the increase of the number of registered cars in all three categories ( Figure 1 )-new cars, imported second-hand cars (ISHC) and domestic second-hand cars (DSHC)-which led to an increased traffic and spatial mobility, and, as a consequence, to increased road fatalities.
The number and severity level of the car accidents is unevenly distributed among the Romanian counties. For instance, the number of total traffic accidents ( Figure 4A ) is higher in the capital region Bucharest (B) and Ilfov (IF) and in three other counties-Constanța (CT), Hunedoara (HD) and Mehedinți (MH). At the same time, the minor traffic accidents are above average in Bucharest (B), Ilfov (IF) and Constanța (CT) (Figure 4B ), all counties being highly urbanized agglomerations, where minor crashes are more representative than other in jury categories. Severe traffic and fatal accidents ( Figure 4C,D) tend to be randomly distributed over space. On the basis of existing data and information, we assume that the random distribution in the last two cases might be explained by the action of local specific factors, like driving behavior, which cannot be addressed based on the data available in this research and needs further research. 
Regression and Pearson Correlation Analysis of the Relation between Importation of Second-Hand Cars and Traffic Safety
In order to observe the dependence relation between traffic crashes and different categories of cars (new cars, domestic second-hand cars, imported second-hand), we used a simple linear regression and the Pearson correlation analyses (see Figure 5) . The results show a strong direct linear relation between the two variables for each car registration category. Therefore, the growth (see Figure 1 ) in registration of new cars, domestic second-hand cars and imported second-hand cars in any given county causes an increase in the volume of crashes. The correlation is significantly higher in the case of new cars and domestic second-hand cars than in the case of imported secondhand cars. 
In order to observe the dependence relation between traffic crashes and different categories of cars (new cars, domestic second-hand cars, imported second-hand), we used a simple linear regression and the Pearson correlation analyses (see Figure 5) . The results show a strong direct linear relation between the two variables for each car registration category. Therefore, the growth (see Figure 1 ) in registration of new cars, domestic second-hand cars and imported second-hand cars in any given county causes an increase in the volume of crashes. The correlation is significantly higher in the case of new cars and domestic second-hand cars than in the case of imported second-hand cars. 
Right-Hand Driving Cars Involved in Traffic Accidents
Between 2008 and 2015, the number of right-hand driving (RHD) cars involved in traffic accidents was relatively low compared to the total number of accidents (see Table 1 and Figure 7C ). For instance, no RHD cars were reported as involved in car crashes in Romania between 2008 and 2011. However, starting with 2011, an increasing number of RHD cars were recorded in the police database to be involved in traffic crashes. More RHD cars are imported in five counties ( Figure 7A ), while more accidents involving RHD cars were reported in some counties clustered in the central-eastern part of Romania ( Figure 7B ). The value of R 2 (0.92) and P (0.96) in the case of Pearson Correlation indicates a very strong positive relationship between the annual number of imported RHD cars in Romania and the number of accidents in which RHD vehicles were involved (see Figure 7D ). This sudden appearance of RHD cars in Romania and their increasing participation in traffic crashes can be explained through the EU accession of Romania in 2007, when RHD second-hand cars were allowed to be imported into Romania but also by the fact that starting with 2010-2011, there was a massive (re)migration of the Romanian workforce to the UK [51] [52] [53] [54] which probably also entailed the import of RHD cars.
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Between 2008 and 2015, the number of right-hand driving (RHD) cars involved in traffic accidents was relatively low compared to the total number of accidents (see Table 1 and Figure 7C ). For instance, no RHD cars were reported as involved in car crashes in Romania between 2008 and 2011. However, starting with 2011, an increasing number of RHD cars were recorded in the police database to be involved in traffic crashes. More RHD cars are imported in five counties ( Figure 7A ), while more accidents involving RHD cars were reported in some counties clustered in the centraleastern part of Romania ( Figure 7B ). The value of R 2 (0.92) and P (0.96) in the case of Pearson Correlation indicates a very strong positive relationship between the annual number of imported RHD cars in Romania and the number of accidents in which RHD vehicles were involved (see Figure 7D ). This sudden appearance of RHD cars in Romania and their increasing participation in traffic crashes can be explained through the EU accession of Romania in 2007, when RHD secondhand cars were allowed to be imported into Romania but also by the fact that starting with 2010-2011, there was a massive (re)migration of the Romanian workforce to the UK [51] [52] [53] [54] which probably also entailed the import of RHD cars. 
Conclusions
The key findings of this paper are the following. First, the importation of second-hand cars in Romania was an en mass phenomenon in the last eight years while previous research and evidence suggests that this situation happened before 2008 as well [5, 40, 55, 56] . With more than 1.69 million cars registered in a relatively small span of time, imported second-hand cars were by far the most important flow of cars into the national vehicle fleet, counting twice the amount of vehicles compared to the new cars acquisitioned. With one of the lowest ratios of vehicles in use/capita [57] , the importation of second-hand vehicles in Romania is expected to continue at similar rates and to 
The key findings of this paper are the following. First, the importation of second-hand cars in Romania was an en mass phenomenon in the last eight years while previous research and evidence suggests that this situation happened before 2008 as well [5, 40, 55, 56] . With more than 1.69 million cars registered in a relatively small span of time, imported second-hand cars were by far the most important flow of cars into the national vehicle fleet, counting twice the amount of vehicles compared to the new cars acquisitioned. With one of the lowest ratios of vehicles in use/capita [57] , the importation of second-hand vehicles in Romania is expected to continue at similar rates and to remain the main input into the national vehicle fleet. However, the available data for this research suggests that the importation of second-hand cars became such a dynamic phenomenon in connection to the international migration flows from various regions; further research on why and how this phenomenon has appeared and developed is needed.
Second, looking at the yearly distribution of vehicle-to-vehicle crashes, an improvement can be observed in the last years in terms of both number of deaths/1 million inhabitants and the relative number of crashes. A decrease can be observed as well if we look at the three types of car crashes used in the research-minor, severe, and fatal. The trend seems to be foreseeable considering the constant improvements of the emergency medicine Romania has undertaken but also improvements in the road infrastructure. In this light, further improvements are expected to be seen in the coming period as well. However, in the last two years of the analyzed period, a change of trend can be observed with more vehicle-to-vehicle crashes and casualties. The available data for this research does not allow us to explain why and how the deteriorating happened but its straight connection with the overall increase of vehicle registrations can be noted.
Third, this research probably offers for the first time in the European Union context and in the specific case of Romania a description of the role imported second-hand cars play in the evolution of car crashes and, generally, in the evolution of road safety. By using simple linear regression method and Pearson analysis resulted that a significant part of the variation in the volume of traffic accidents can be explained by the volume of imported second-hand cars at the county level. This finding has implications for road safety considering the amounts of second-hand vehicles imported in Romania and that similar importation levels are expected to continue. However, the effect of imported second-hand cars on the traffic safety regime in Romania seems to be less important compared to domestic second-hand cars.
Fourth, a stronger direct relation exists between the number of imported second-hand cars and Severe Traffic Accidents as the higher values for R 2 and P show. Departing from these findings it can be argued that importation of second-hand vehicles has a stronger impact on this specific type of accident for which higher material damages and severe injuries are representative. This finding is in line with results in other studies which argue that the kind of technical problems these type of cars usually have may lead to poorer safety performances [7, 17] . Additionally, these conclusions can have broader implications as the phenomenon of importing second-hand used cars is widespread among the CEE countries and beyond areas which also exhibit high levels of traffic accidents [3] [4] [5] 40, 49, 56] . However, the available databases in this study do not contain information on what types of second-hand cars are imported and their characteristics (such as engine capacity and power) or the main reasons for the traffic crashes (such as alcohol and drug consumption, road deficiencies, etc.) and further research on these factors should be undertaken.
Fifth, to the best of our knowledge the present research considers for the first time the subgroup of Right-Hand driving cars registered and used in a Left-Hand driving environment role on traffic safety in the in the European Union context and in the specific case of Romania. The values of both Regression and Pearson Correlation indicates a strong positive relationship between the annual number of imported RHD vehicles and vehicle-to-vehicle crashes where RHD cars were involved. The available data do not allow us to explore what type of accidents this kind of cars are more likely to be involved in or the culpability rate, so further research regarding these questions is required.
This study produced results from the category of empirical evidence production, thus filling in a blank left both by the applicative research and by the institutions in charge of traffic safety. Starting from these results, it is possible to go further with proposals of improving the legal support that refers to the import of second-hand cars, imposing more rigorous conditions for the periodical technical inspection of second-hand cars. Moreover, it can lead to a common database, at the international level (or at least at EU level), which can register the technical history of cars from each country, so that the buyer of a second-hand car can access this data before purchase.
